INTRODUCTION
Nutritional support is considered as essential parts of the management of critically ill patients in the intensive care units (ICUs). 1, 2 Typically, nutritional support of most critically ill hospital inpatients with a functional gastrointestinal tract, who are unable to meet their nutritional needs orally, are provided by enteral feeding (EF) using nasogastric tubes (NGTs). 3, 4 Although EF decrease the mortality of undernourished critically ill patients and has shown promising clinical outcomes, most of the patients fed by tube show symptoms of feeding tube-associated intolerance such as vomiting, diarrhea, constipation, abdominal distention, regurgitation, and high gastric residual volume (GRV). 5, 6 Method of EF has been shown as one of the main factors in the incidence of EF intolerance in critically ill patients. 7, 8 Based on Dietitians Association 218 of Australia (DAA), EF can be administered by continuous, intermittent (cyclic/intermittent), and bolus methods based on patients' medical conditions and nutritional requirements. 9 Most recent trials have compared EF intolerance of continuous feeding with either bolus, [10] [11] [12] or intermittent, [13] [14] [15] [16] feeding methods. Overall, on the basis of the available evidence, researchers have reported controversial results about the risk of EF intolerance by suing any of these methods. Some studies have shown that continuous method in comparison with the bolus or intermittent feeding is associated with better tolerance due to the lower feeding rate, 10, 12, 13 while other studies have reported converse results or no differences. [11] [12] [14] [15] [16] Pertaining to bolus and intermittent methods, most evidence is based on practice and state that intermittent feeding may be better tolerated than bolus feeding, and limited trials have been done in this regard. 17, 18 We hypothesize that there is a difference between EF intolerance of bolus and intermittent methods experienced by tube-fed critically ill patients. According to the abovementioned reason, and as sepsis is common in critically ill patients and because of the paucity of information about EF intolerance of patients with sepsis, 19, 20 we designed this trial to compare the effects of bolus and intermittent EF methods on EF intolerance of hospital inpatients with sepsis admitted to ICU.
MATERIALS AND METHODS

Study design and ethical consideration
This was a randomized, controlled, triple blind, three arm clinical trial (code No. IRCT2015102623446N2). The trial was approved by the Ethics Committee of AJA University of Medical Sciences, Tehran, Iran (code No. IR.AJAUMS.REC.38.1394). The study followed the declarations of Helsinki and all ethical principles were considered. After assurance of confidentiality and anonymity and verbal explanations about the study details, the researchers obtained a written informed consent from the patients' family members. The researchers ensured all the patients' family members that participation of the patients in the study is voluntary and they had the right to discontinue the study at any time, without any deprivation from routine treatments.
Samples
This study was conducted on patients with sepsis who had admitted to ICUs of Shahid Chamran Hospital, Tehran, Iran, from October 2015 to September 2016. All hospital inpatients admitted to the ICUs with the diagnosis of sepsis confirmed by critical care medicine fellowships were recruited. The inclusion criteria were: 1) age of 18-65 years; 2) score of level of consciousness less than 10; 3) inability to swallow food orally and having indications for NGT feeding; 4) having indications for both bolus or intermittent feeding methods; 5) having healthy digestive system, which was confirmed by critical care medicine fellowships; 6) lack of fistula, necrosis, obstruction, and surgery of gastrointestinal system, 7) lack of peritonitis; and 8) lack of any history of addiction, cigarette, and alcohol abuse.
The exclusion criteria were: 1) development of ability to eat orally during the study; 2) increasing level of consciousness from the baseline; 3) discharge from ICU before 10 days of hospital admission; 4) development of hemodynamic instability; 5) need for urgent diagnostic or therapeutic procedures; 6) presence of any signs of dehydration or addiction; 7) need for changing diet or prescribing a specific diet during the study.
Based on an earlier study, 21 using clinical trial formula with the confidence level of 95% and a power of 0.90, the number of needed samples was calculated as 17 subjects. For getting more confident results with a 20% dropout rate, we considered 20 patients in each group. The patients were selected initially through convenient sampling methods and then those who met the inclusion criteria were randomly allocated to three groups of bolus feeding (n = 20), intermittent feeding (n = 20) and control (n = 20) by the first masked researcher assistant using sealed envelope technique and computer generated random numbers.
Outcome Measures
Demographic and clinical characteristics of the patients were recorded using a researcher-made checklist (including age, sex, weight, and duration of hospital admission) at the beginning of the study by an ICU nursing staff (second researcher assistant).
For evaluating EF intolerance of the patients a researcher-made checklist was used including data on constipation, diarrhea, vomiting, abdominal distension, and GRV. In bolus feeding, GRV was assessed by gastric aspiration every three hours after feeding. If aspirated volume was more than 200 cc, then 100 cc of the aspirated content was replaced along with the rest of the feeding amount and aspiration was rechecked after 3 h. In intermittent feeding, GRV was assessed every four hours after stopping the feeding pump for half an hour and aspiration of gastric contents. If aspirated volume was more than 200cc then 100cc of the aspirated content was replaced, feeding was continued at same rate for next 4 h and aspiration was rechecked. If aspiration was still more than 200 cc, sign of intolerance was confirmed. 22 All variables were evaluated as absent (score 0) or present (score 1), except GRV that was assessed as less (score 0) or more (score 1) than 200 cc. The scientific validity of the researcher-made checklist was obtained using content validity check. For assessing the reliability of the checklist, inter-rater reliability was performed by two trained nurses of the ICU with the same professional characteristics and identical conditions. Kappa coefficient between the raters was obtained 1.0, which showed the very good agreement of ratings.
The data collection of this study was performed in the morning, afternoon, and night shifts in 3 consecutive days using the checklist. All evaluations and data collections were done by three masked ICU nurses, with the same expertise and experience in each shift, before the intervention in each day based on medical documents of the patients, observations, as well as the reports of the patients' nursing staff.
Intervention
In the control group, the patients were managed by administering antibiotics, vasoactive drugs, and mechanical ventilation, and were fed based on the routine procedure of the recruitment center (administration of additional fluids or electrolytes) according to medical indications. Type of feeding was the same for the both intervention groups. The patients in the both intervention groups received an already made complete diet (1 kcal/cc), through a gavage tube. The nutritional material (Karen Entera Meal powder, Tehran, Iran) was prescribed in seven measure cups mixed with 90 cc water to make 100 cc of nutrition. The total number of calories and the required volume were calculated by a nutritionist and a critical care medicine fellowship through the Harris-Benedict equation, and the patients' condition.
In the both intervention groups, feeding was started after confirmation of NGT position and control of input and output. During feeding, all the patients had 30 degrees head up position. Also, the feeding solution was kept at room temperature for 30 min to be modified regarding its temperature before being gavaged. In both groups, EF was done based on DAA protocol. 9 In the bolus feeding group, the needed calories were divided into six portions, and were gavaged within 15-20 min by a 50 cc syringe (Asan Med, Tehran, Iran) sequentially three hourly for 18 h with night rest for 6 h, and the volume of gavage increased by 50 cc according to the patients' tolerance and GRV (< 200 cc) to achieve the targeted volume and calories. In the intermittent feeding group, feeding was administrated by a feeding pump (JMS pump, Tokyo, Japan) for 18 h/day with night rest for 6 h. The gavage volume increased by 20 -50 cc every 4 -6 h according to the patients' tolerance and GRV (< 200 cc) to reach the calculated calories and the volume for the patient.
In all three groups, the intervention was performed in three consecutive days by three ICU nurses with similar expertise and experience in each shift, which were unaware of the study details and aims. Also, all the patients were blind to the course of the intervention.
Statistical Analysis
Quantitative variables were shown as the mean and standard deviation of the mean, and qualitative variables were represented as a number of frequency and their percent. Kolmogorov-Smirnov test was used to examine the normal distribution of variables. To examine the differences in qualitative variables among the three groups, the researchers used Chi-square test and Fisher's exact tests. One-way analysis of variance (ANOVA) and Kruskal-Wallis test were used to detect the differences in quantitative variables between the groups. Friedman test and Cochran test were used to compare variables in each group during different times. All statistical analyses were done by SPSS software version 22 (SPSS, Inc. Chicago, IL, USA). p values ˂ 0.05 was considered as statistically significant. The statistical analyzer was blinded to the codes.
RESULTS
Follow up
Of 96 patients assessed for eligibility in the study, 36 did not meet the inclusion criteria (score of the level of consciousness more than 10 [n = 13], presence of obstruction or surgery of gastrointestinal system [n = 8], and unhealthy digestive system [n = 15]). 60 other patients were randomly allocated to three equal groups. All participants completed the study and were considered for final analysis (figure 1).
General and clinical characteristics
Characteristics of the patients in the three groups are presented in table 1. There were no significant differences in age, sex, weight, and duration of hospital admissions among the three groups (p > 0.05). 
Gastrointestinal feeding intolerance
Results showed no significant differences between the three studied groups in three intervention days regarding the frequency of constipation, diarrhea, vomiting, abdominal distention, and GRV (table 2). In none of the intervention days, there was no significant difference between the mean ranks of the studied groups in all variables (table 3) . Also in total three intervention days, no significant difference was seen between the three groups in mean ranks of all variables (table 4) . Friedman test showed no significant difference between the mean ranks of all variables in the three studied groups (table 5) . Also in the three groups, the results of within groups by Cochran test showed no significant difference between the mean ranks of all variables.
DISCUSSION
In the present study, between groups results showed no significant differences in none of the three groups regarding all EF intolerance variables including constipation, diarrhea, vomiting, abdominal distention, and GRV. On the other hand, results indicated that all variables were not affected by the EF methods, probably because of precise technique, meticulous monitoring, and strict inclusion and exclusion criteria.
To the best of our knowledge, the present study is the first triple-blind controlled trial to compare EF intolerance of intermittent and bolus methods among critically ill patients with sepsis. The study included a prospective design, verifiable outcomes, standardized data collection methods, and capture of 100% of available patients in the ICU. In the present trial, strict criteria were considered to the selection of population to minimize any bias related to associated diseases and organ failures. Also, EF methods were well standardized and were according to the DAA protocol for EF.
We are aware of no other studies that compared EF intolerance of intermittent and bolus methods among critically ill patients with sepsis. Most previous studies have compared EF intolerance of other methods of feeding among patients with different critical illnesses. [10] [11] [12] [13] [14] [15] [16] In this study, we did intermittent feeding using pump based on the DAA protocol for EF. Our findings expand the results of other investigations, which compared pump-assisted feeding to syringe-assisted feeding to assess EF intolerance of critically ill patients. In a trial by Zeraatkari and colleagues the incidence of diarrhea, nausea, and vomiting as indicators of EF intolerance did not have any significant difference in bolus, intermittent (using gravity drip), and pump-assisted continuous feeding methods among surgical ICU patients, although continuous method was better tolerated than both bolus and intermittent methods. 23 In an observational prospective randomized clinical study by Tavares de Araujo and co-workers, which was done on hospital inpatients admitted to ICU, intermittent feeding using an infusion pump (during 18 hours with a 6-hour nocturnal pause) in comparison with continuous feeding indicated no statistically significant difference in vomiting, abdominal distension, or diarrhea. 15 In a trial conducted in trauma ICU by MacLeod and colleagues there were no statistical differences in diarrhea and high GRV between the patients intermittently fed using gravity drip and those fed continuously. 14 In another trial by Chen and others on critically ill patients under- going ventilators, the patients in the intermittent feeding group (using gravity drip every four hours) had a higher GRV than the patients in continuous feeding group, however, no significant differences were observed between the groups. 16 Also, Serpa and colleagues in a prospective controlled study reported no significant differences between high GRV, abdominal distention, diarrhea, and vomiting in critically ill patients who received EF by bolus method (8 aliquots over a 1-hour period each at intervals of 3 hours) and continuous method over a 3-day period. 11 In another study conducted on critically ill mechanically ventilated patients by Kadamani and co-workers no statistically significant differences was reported between the pump-assisted continuous versus bolus groups on the occurrence of high GRV, diarrhea, and vomiting; however, constipation was significantly more in patients receiving continuous feeding (66.7%) as compared with those receiving bolus feeding (20%, p = 0.025). 12 In other similar trial on healthy adult male volunteers, Chowdhury and colleagues reported that bolus feeding via syringe delivered over 5 minutes led to a significant increase in GRV compared with continuous feeding via pump delivered at 100 mL/h over 4 hours (p < 0.0001), and there was a significant increase in diarrhea with bolus feeding after 90 minutes (p < 0.0068) while continuous feeding did not increase diarrhea. 10 In another study by Hiebert and others in burn-injured patients, it was found that significantly less constipation observed in patients treated with continuous pump tube feeding over those fed intermittently (p < 0.0001). 13 The differences may be due to different patients and intervention methods such as the use of feeding pump, the rate of feeding administration, diet, positioning and type of the tube, and monitoring of the patients.
Our study findings demonstrated that EF intolerance of patients with sepsis was similar by using both the bolus and intermittent feeding methods. Therefore, due to the expense of equipment in intermittent pump feeding, also easy usage of bolus method, it can be suggested that bolus feeding can still be used as a standard and proper method by nurses for substituting other feeding techniques in patients admitted to ICUs, however more related studies to determine the safest feeding method are needed.
CONCLUSION
Intermittent pump feeding did not significantly affect EF intolerance in tube-fed hospital inpatients with sepsis compared with bolus and routine methods.
Limitations
Some limitations of this study should be considered. Firstly, we observed EF intolerance in a 3-day periods. An assessment period longer than 3 days may fortify the differences between the methods; however, this is difficult in busy ICUs having short overall durations of hospital admissions. Secondly, this study was conducted on patients with sepsis and the findings could not be generalized to other patients. Thirdly, the sample size was small due to the large number of exclusion criteria characterized to reduce the confounding variables and the inability to select other centers with similar patients. So, further studies are recommended to perform in a multi-center design with a much larger sample size of the same patients, longer feeding periods, and dietetic prescriptions to advance the knowledge about these common EF techniques.
